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A B S T R A C T
Sweet potato peels are rich in chlorogenic acids. In this work, we applied ultrasound technology to extract the
main compounds from sweet potato peel and used multivariate analysis and principal component analysis (PCA)
to evaluate the effects of different extraction conditions on the extraction of chlorogenic acids. The extraction
was studied varying ultrasonic power density (20, 35 and 50 W/L) and processing time (5, 10, 20 and 40 min)
using an ultrasonic bath operating at 25 kHz. The chemical analysis was carried out by UPLC-qTOF-MS, and the
results were evaluated by PCA and PLS-DA chemometric analysis. Results show that both ultrasonic power
density and processing time influences in the extraction of different chlorogenic acid, and that different ex-
traction conditions can be used to selectively extract specific caffeoylquinic acids and feruloylquinic acids in
higher amounts. Ultrasound promoted the hydrolysis of tricaffeoylquinic acid when subjected to ultrasonic
waves (20–50 W/L), and of 3,4-caffeyolquinic acid at high ultrasonic power density (50 W/L).
1. Introduction
Sweet potato (Ipomoea batatas L.) is an herbaceous perennial culti-
vated worldwide. Sweet potato peels are rich in caffeoylquinic acids
and feruloylquinic acids, which are a subgroup of chlorogenic acid
[1–3]. The food industry that uses sweet potato generates a large
quantity of peels as a by-product. These peels are usually discarded or
sold to the fertilizer industry. Valuable phenolic compounds can be
extracted from sweet potato peels before their discard.
Chlorogenic acids are a family of esters that are comprised of quinic
acid and up to for residues. In sweet potato peels, caffeic and ferulic
acids are the primary residues bonded to quinic acid. Caffeoylquinic
acids and feruloylquinic acids showed to inhibit Na+-dependent D-
glucose uptake in the intestine, to modify the secretion of the gastro-
intestinal hormone, and to increase the tolerance to glucose in humans
[4,5].
Ultrasound-assisted extraction can be used to extract several types
of plant metabolites that are valuable ingredients to the food, phar-
maceutical, and cosmetic industries. Several authors studied the use of
ultrasound to extract metabolites from potato peel, olive leaves, jabu-
ticaba, acerola, sweet potatoes, blackberries and many other fruits,
vegetables, leaves and stems [6–13]. Most studies showed the
advantages and disadvantages of the ultrasound-assisted extraction
technique. UAE has the advantage to be fast, simple, low cost and non-
thermal. Thus, many phenolic compounds are extracted from plant
matrix in simple equipment, rapidly and without decaying into other
non-active compounds. Overexposure to ultrasonic waves and the ca-
vitation, it creates may degrade some organic compounds, such as an-
thocyanins [13,14]. Therefore, the use of ultrasound-assisted extraction
should be optimized for each kind of material that is processed;
otherwise different degrees of degradation or sonochemical transfor-
mation of phenolic compounds may occur.
Proper selection of UAE operating conditions makes this technique
useful not only as an extraction technique but also for selective ex-
traction of different compounds from fruits and vegetables. Selective
extraction applying ultrasound was reported by several authors in the
extraction of compounds from potato peels [15,16], microalgae [17],
purple sweet potato [18], and herbs [19].
In this work, chlorogenic acids from sweet potato peels were ex-
tracted in an ultrasonic bath. Important variables for the extraction
process, such as processing time, ultrasonic power density and solvent
pH were studied. The data were analyzed using multivariate analysis by
principal component analysis (PCA) to understand how these operation
conditions influence the extraction of chlorogenic acids from sweet
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potato peels. The study innovates in presenting how the operating
conditions of ultrasound-assisted extraction can be set to selectively
extract specific compounds from sweet potato peels and how sono-
chemical hydrolysis affect the extraction of caffeoylquinic acids and
feruloylquinic acids.
2. Materials and methods
2.1. Materials
Sweet potatoes (Ipomoea batatas var. Roxa) were washed in running
water and peeled using a potato peeler apparatus. The peels (average
thickness of 0.2 mm) were dried in a circulating oven at 60 °C for 24 h.
The dried peels were grounded in an analytical mill, sieved and stored
in airtight glass containers. Particles ranging from 45 to 75 μm were
used in the extraction.
2.2. Ultrasound processing and extraction
The extraction of the phenolic compounds from the sweet potato
peels was carried out in a 25 kHz ultrasonic bath (9.0 L, Unique model
USC90, Indaiatuba, Brazil) working at a nominal power of 500 W and a
maximum effective ultrasonic power density of 50 W/L. The effective
ultrasound power density was measured using the calorimetric method
[20].
Milled and sieved sweet potato peel (10 g) along with acidified
water (40 mL) was added to glass tubes, resulting in a suspension of
0.25 g/mL. Each tube containing the peel suspension was sonicated in
the ultrasonic bath, placed over the ultrasonic transducer of the bath to
guarantee that each experimental point received the same ultrasonic
intensity.
The experiments were carried out varying the extraction time and
ultrasonic power density. Sonication was carried out for 5, 10, 20 and
40 min. The ultrasonic power intensity was carried out at 40, 70 and
100% of the maximum effective ultrasonic power of the equipment,
which corresponds 20, 35 and 50 W/L, respectively. The extraction
solution was comprised of water acidified with sulfuric acid. The pH of
the extraction solution was adjusted to 1.0, 3.5 and 7.0. The experi-
ments were carried out at ambient water temperature (25 °C). The
maximum temperature rise was less than 2 °C after 40 min of sonica-
tion, which was negligible for the process. All experiments were done in
triplicates.
Control runs of the extractions were carried out without ultrasound
application. Control runs were carried out in all three pH (1.0, 3.5 and
7.0) and four extraction times (5, 10, 20 and 40 min) as in the ultra-
sound-assisted assays. All experiments were done in triplicates.
The suspensions were centrifuged (3800 g; 10 min) after sonication
and the supernatant collected for chemical analysis.
2.3. UPLC-qTOF-MS
The UPLC-qTOF-MS analysis was carried out using an Acquity
system coupled with quadrupole (Waters, USA) and TOF equipped with
an ESI source (Water, USA) operated in the positive ion mode. The
chromatographic separation was carried out using an Acquity UPLC
BEH (150.0 × 2.1 mm, 1.7 μm) column (Waters, USA) with the column
temperature set at 40 °C. Water and acetonitrile were used for the
mobile phase, both containing 0.1% of formic acid. The gradient ranged
from 2 to 95% of water in 15 min applying a flow rate of 0.4 mL/min
and an injection volume of 5.0 μL. Desolvation was carried out with
nitrogen, and the desolvation temperature was set at 350 °C applying a
flow rate of 350 L/h and a source temperature of 120 °C. The capillary
voltage was set to 3200 V. The collision energies/cone voltages were set
at 6 eV/15 V (low) and 30–50 eV/30 V (high) to allow fragmentation of
the molecules [21]. Data were collected using negative ionization mode
between 100 and 1180 Da in mode tandem MSE.
2.4. Chemometric analysis
The chemometric analysis evaluated the results of 48 different
samples, corresponding to all different process conditions studied
herein. Four matrices were built separately for each processing power
density: 0, 20, 35, and 50 W/L. The region of all the chromatograms
between 0.5 and 6.0 min was used for the analysis, which resulted in
matrices with the dimensionality of 28,320 data points (48 sam-
ples × 590 variables).
The data from the chromatograms were converted to American
Standard Code for Information Interchange (ASCII) files and exported
for chemometric analysis by Principal Component Analysis (PCA) and
Partial Least Squares Discriminant Analysis (PLS-DA) using the
Unscrambler X™ program 10.4 (CAMO software, Woodbridge, NJ,
USA). The samples were named according to the combination of the
sonication time and pH into each ultrasonic power density: 5 min-1.5;
10 min-1.5; 20 min-1.5; 40 min-1.5; 5 min-3.5; 10 min-3.5; 20 min-3.5;
40 min-3.5; 5 min-7.0; 10 min-7.0; 20 min-7.0; 40 min-7.0.
The Singular Value Decomposition algorithm (SVD) was applied to
decompose the matrices. Baseline correction using linear fit algorithms
and normalize scaling parameter were applied to improve the extracts
discrimination. The PCA evaluations were carried out after mean-cen-
tered processing of the variables because this procedure enhanced the
differences among the extracts. The extraction of the relevant in-
formation from the chemical data was obtained at the first two prin-
cipal components (PC). The PLS-DA modeling was developed for each
processing to evaluate the robustness of the extracts clustering/se-
paration based on the previous PCA modeling. The NIPALS (Nonlinear
Iterative Partial Least Squares) algorithm was applied to build the
models. The number of latent variables (LV) was chosen in accordance
to the statistical parameters: SEV (Standard Error of Validation), SEC
(Standard Error of Calibration) [16,22]. The evaluation of the perfor-
mance of PLS-DA models was carried out using the full cross-validation
method.
3. Results and discussion
The extracts from sweet potato peels obtained without the appli-
cation of ultrasound presented 3,4-dicaffeoylquinic acid, 3,5-di-
caffeoylquinic acid, 4,5-dicaffeoylquinic acid, and tricaffeoylquinic acid
isomer as major compounds. The composition of the extracts obtained
by sonication at different solvent pH was significantly different.
Ultrasound power density, solvent pH, and sonication time contributed
to the extraction of different components and the selectivity towards
different extract compositions. The sonicated samples presented 3,4-
dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic
acid, tricaffeoylquinic acid isomer, 3-caffeoyl-4-feruloylquinic acid, and
3-caffeoylquinic acid as major compounds. Fig. 1 presents the mole-
cular structure of the aforementioned major components and Table 1
describes the respective retention time (RT in min), the m/z values and
fragmentation profiles according to the ultrasonic power density ap-
plied in each processing [23–25].
The compounds obtained in the extracts are in accordance with the
chemical profiling of the chlorogenic acids present in sweet potatoes.
Chemical profiling of sweet potatoes identified the following com-
pounds: 3-caffeoylquinic acid, 4-caffeoylquinic acid, 5-caffeoylquinic
acid, 3-feruloylquinic acid, 4-feruloylquinic acid, 5-feruloylquinic acid,
3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-di-
caffeoylquinic acid, tricaffeoylquinic acid, and 3-caffeoyl-4-fer-
uloylquinic acid, 3-caffeoyl-5-feruloylquinic acid, 4-caffeoyl-5-fer-
uloylquinic acid, 3-feruloyl-4-caffeoylquinic acid, 3-feruloyl-5-
caffeoylquinic acid, and 4-feruloyl-5-caffeoylquinic acid [3,26–28].
Caffeoylquinic acids were present in higher amounts than fer-
uloylquinic acids in sweet potato peels [3].
Four PCA were developed for each ultrasonic power density sepa-
rately (0, 20, 35, and 50 W/L) because the information and the
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variation of the extract compositions regarding the sonication time and
pH showed to be more available and well defined according to this kind
of sample clustering. Figs. 1–4 present the scores (a) and loadings (b)
plot for the extracts from each ultrasonic power density: 0, 20, 35, and
50 W/L, respectively. Some variation tendencies were identified in the
compounds that separate in the chromatographic column at retention
times between 4.30 and 5.00 min.
Fig. 2 presents the PCA analysis of the extracts that were not sub-
jected to ultrasound. The score plot shows a clustering of extracts at the
negative values of PC1 and at the positive values of PC2, which com-
prises the extracts obtained after 20 and 40 min of extraction in pH 3.5
and 7.0. The score plot also shows that all extracts obtained at pH 3.5
are in the positive values of PC2. The respective loadings plot indicates
that these extracts present high amounts of 3,4-dicaffeoylquinic acid,
3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, and tri-
caffeoylquinic acid isomer, which correspond to the retention times
among 4.37 min (3,4-dicaffeoylquinic acid), 4.49 min (3,5-
dicaffeoylquinic acid), 4.64 min (4,5-dicaffeoylquinic acid), and
4.95 min (tricaffeoylquinic acid isomer) in the chromatographic se-
paration.
The extraction of compounds is favored in ultrasound-assisted ex-
traction because of the phenomenon of sponge effect and the formation
of microscopic channels in the tissue structure of sweet potatoes as well
as the disruption of cell walls. The formation of micro-fractures at the
outer cell walls of peels due to the implosion of cavitation bubbles was
addressed by Koubaa et al. [29], who showed several micrographs of
the changes imparted in peel tissue structure due to ultrasound appli-
cation.
Fig. 3 presents the PCA analysis for the ultrasound-assisted extrac-
tion carried out at an ultrasonic power density of 20 W/L. The score
plot shows a clear clustering of the extracts according to the pH of the
solvent. The samples extracted at pH 7.0 grouped at the negative values
of PC1. The samples extracted at pH 1.5 and 3.5 grouped at the positive
values of PC1, but the cluster containing the samples obtained at pH 3.5
Fig. 1. Molecular structure of the major components obtained in the extracts of sweet potato peels.
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were in the positive values of PC2 while the samples obtained at pH 1.5
clustered in the negative values of PC2. The loadings plot indicates that
extracts obtained at pH 7.0 presented high amounts of 3,4-di-
caffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid,
and tricaffeoylquinic acid isomer, which correspond to the retention
times between 4.37 min (3,4-dicaffeoylquinic acid), 4.49 min (3,5-di-
caffeoylquinic acid), 4.64 min (4,5-dicaffeoylquinic acid), and 4.95 min
(tricaffeoylquinic acid isomer) in the chromatographic separation. The
only exception was for the extract obtained after 5 of sonication at pH
7.0, which did not present high amounts of these components. Thus,
light sonication (20 W/L) improved the extraction of these four com-
pounds by reducing the time needed to extract them from 20 to 10 min
when compared to the extraction without ultrasound application.
Fig. 3b also indicates that the extracts obtained at pH 3.5 are rich in
3,4-dicaffeoylquinic acid and 3,5-dicaffeoylquinic acid (retentions
times between 4.31 and 4.42 min and 4.44–4.48 min, respectively).
Light sonication, in this case, enabled the extraction of these com-
pounds in 5 min rather than in 20 min as occurred without sonication.
The PCA analysis of the process carried out at mild sonication
(35 W/L) also showed a clear separation of the extracts according to the
solvent pH (Fig. 4). The extracts obtained at pH 7.0 grouped in the
positive values of PC1 and negative values of PC2; the extracts obtained
at pH 3.5 grouped in the negative values of PC1 and positive values of
PC2; and the extracts obtained at pH 1.5 grouped in the null values of
PC1 and positive values of PC2. The loadings plot (Fig. 4b) indicates
that the samples obtained subjected to mild sonication (35 W/L) at pH
7.0 contained high amounts of 3,4-dicaffeoylquinic acid and 4,5-di-
caffeoylquinic acid (retention times of 4.37 min and 4.64 min, respec-
tively). The increase in the ultrasonic power density increased the
concentration of these latter compounds in the extract obtained at pH
7.0 when compared to the extracts obtained with light sonication.
The loadings plot (Fig. 4b) also indicates that the extracts obtained
at pH 3.5 are rich in 3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic
acid, 4,5-dicaffeoylquinic acid, and tricaffeoylquinic acid isomer, which
correspond to the retention times between 4.37 min (3,4-di-
caffeoylquinic acid), 4.49 min (3,5-dicaffeoylquinic acid), 4.64 min
(4,5-dicaffeoylquinic acid), and 4.95 min (tricaffeoylquinic acid
isomer) in the chromatographic separation. Mild sonication enabled the
enrichment of the extracts obtained at pH 3.5 with the four main
compounds in sweet potato peels when compared to the samples ob-
tained with light sonication, which presented high concentration of
only two of the four main compounds from sweet potato peels. The
samples attained from the extraction at pH 1.5, and mild sonication
presented high amounts of 4,5-dicaffeoylquinic acid (retention time
between 4.74 min), which differed from the extracts obtained at pH 1.5
without sonication or with light sonication (20 W/L).
Fig. 5 presents the PCA for the samples subjected to an ultrasonic
power density of 50 W/L. The analysis showed the formation of three
clusters. The samples sonicated at pH 7.0 for up to 20 min clustered in
the positive values of PC1 and negative values of PC2. The sample so-
nicated at pH 7.0 for 40 min and the samples subjected to sonication at
pH 3.5 for up to 10 min clustered together in the positive values of PC2.
The remaining samples extracted at pH 3.5 and all the samples ex-
tracted at pH 1.5 clustered in the negative values of PC2 and the ne-
gative values of PC1. All the extracts obtained at pH 7.0 presented high
amounts of tricaffeoylquinic acid isomer and 3-caffeoyl-4-fer-
uloylquinic acid, corresponding to the compounds at the retention
times of 4.89–4.96 min and 5.24–5.25 min, respectively. The extracts
sonicated at pH 7.0 for up to 20 min also presented high amounts of 3-
caffeoylquinic and 4,5-dicaffeoylquinic acids, corresponding to reten-
tion times of 3.13 min and 4.64 min, respectively. The increase in the
ultrasound power density to 50 W/L enabled the extraction of different
compounds that were not extracted in high amounts at 20 and 35 W/L.
Thus, setting different ultrasound power densities can improve the ex-
traction of specific compounds.
The loadings plot (Fig. 5b) indicated that the extracts obtained at pHTa
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1.5 and the extracts sonicated at pH 3.5 for 20 and 40 min presented
high amounts of 3,4-dicaffeoylquinic acid and 3,5-dicaffeoylquinic
acid, corresponding to the retention time of 4.49 min and 4.76 min,
respectively.
Overall, the ultrasound-assisted extraction increased the amount of
3,4-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-di-
caffeoylquinic acid, and tricaffeoylquinic acid isomer in the samples
extracted at pH 3.5 and 7.0. The increase of the ultrasonic power
density to 50 W/L induced the extraction of other compounds at pH 7.0,
such as 4,5-dicaffeoylquinic, 3-caffeoyl-4-feruloylquinic, and 3-
caffeoylquinic acids.
The increase of the ultrasonic power density favored the extraction
at pH 1.5. The extracts obtained at pH 1.5 without ultrasound appli-
cation did not show a significant presence of any major compounds but
subjecting the samples to ultrasound increased the extraction of 3,4-
dicaffeoylquinic acid and 3,5-dicaffeoylquinic acid. The ultrasonic ex-
traction under this pH triggered the acyl migration of 4,5-di-
caffeoylquinic acid into 3,4-dicaffeoylquinic acid as suggested by
Deshpande et al. [30], which may also explain the reduction in the
concentration of 4,5-dicaffeoylquinic acid under this extraction
Fig. 2. PC1 × PC2 scores (a) and loadings (b) coordinate systems for the extracts of sweet potato peels obtained without ultrasound application.
Fig. 3. PC1 × PC2 scores (a) and loadings (b) coordinate systems for the extracts of sweet potato peels obtained under sonication at a power density of 20 W/L.
Fig. 4. PC1 × PC2 scores (a) and loadings (b) coordinate systems for the extracts of sweet potato peels obtained under sonication at a power density of 35 W/L.
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condition. The compound 3,4-dicaffeoylquinic acid is less stable and
rapidly reaches equilibrium with 3,5-dicaffeoylquinic acid, thus an in-
crease in both compounds was observed.
The PLS-DA models were built to evaluate the robustness of the
extracts scores and clustering formation based on previously PCA re-
sults. All the models were well adjusted according to the ratio of their
statistical parameters SEC to SEV above 0.75 [22]. Furthermore, the
capability of the model to classify unknown extracts was evaluated and
SEC and SECV presented values below to 0.087, which is indicative of
satisfactory classification.
In addition to the multivariate analysis, the traditional method of
analysis by signal integration of the most relevant compounds corro-
borates with the PCA results. The results obtained from signal in-
tegration is presented in the Supplementary Material, presenting the
results expressed as absolute area (bars) with standard deviation from
the experimental replicate. Changes in the contents of 3,4-di-
caffeoylquinic acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid,
and tricaffeoylquinic acid isomer were in accordance with the multi-
variate results.
Application of ultrasound in aqueous systems induces the formation
of OH radicals, which produces H2O2. The formation of OH radicals,
hydrogen peroxide and other reactive species in lesser concentration
can induce the reaction of these species with the molecules being ex-
tracted. Tricaffeoylquinic acid isomer was one of the major components
extracted without the application of ultrasound. The concentration of
this compound reduced after application of ultrasound, especially at pH
3.5, and was accompanied by the increase in the concentration of 3,4-
dicaffeoylquinic acid. The results indicate that ultrasound induced the
hydrolysis of tricaffeoylquinic acid isomer into 3,4-dicaffeoylquinic
acid (Fig. 6).
The application of ultrasound at high power density (50 W/L) has
decreased the concentration of 3,4-dicaffeoylquinic acid and increased
the concentration of 3-caffeoylquinic acid. This result indicates that
ultrasound at this power density induced the hydrolysis of 3,4-di-
caffeoylquinic acid into 3-caffeoylquinic acid (Fig. 7). In summary, low
ultrasound power density (20 W/L) was able to break the bond between
quinic acid and caffeic acid at position 5, while increasing the power
density, the bonds at position 4 and 5 were broken.
Deshpande et al. [30] reported that 5-caffeoylquinic acid is more
stable than 4-caffeoylquinic acid, which is more stable than 3-caf-
feoylquinic acid, and the order of the stability is 5 > 4 > 3 in terms of
the hydrolysis of the caffeoyl ester. This stability provides a resistance
to direct decomposition of 5-caffeoylquinic acid and 4- caffeoylquinic
acid into caffeic acid and quinic acid. Instead of decomposing, 5-caf-
feoylquinic acid and 4-caffeoylquinic acid form acyl migrated products
over longer hydrolysis durations. On the other hand, 3-caffeoylquinic
acid may decompose to form caffeic acid and quinic acid. The me-
chanism of acyl migration proceeds through an 1,2-ortho-ester inter-
mediate formation as 5-caffeoylquinic acid ⇋ 4-caffeoylquinic acid ⇋
3-caffeoylquinic acid, with the reverse equilibrium being much slower
than the direct equilibrium. The equilibrium between 3-caffeoylquinic
acid and 4-caffeoylquinic acid is readily achieved because the ortho-
ester intermediate is more stable due to the cis geometry. Furthermore,
3,4-dicaffeoylquinic acid is the least stable dicaffeoylquinic acid isomer
and tends to decompose into 3-caffeoylquinic acid. As such, under
harsh ultrasonic conditions, both hydrolysis and acyl migration occur
increasing the amount of 3-caffeoylquinic acid.
Extraction selectivity and hydrolysis of chlorogenic acids by ultra-
sound are both advantages of ultrasound application since pH and ul-
trasound power density can be set as to produce a higher quantity of a
desired chlorogenic acid. Dicaffeoylquinic acids have anti-inflammation
and analgesic activity, caffeoylquinic acids have antioxidant properties,
and 4,5-dicaffeoylquinic acid and tricaffeoylquinic acid have analgesic
activity [31]. Thus, the conditions used in ultrasound-assisted
Fig. 5. PC1 × PC2 scores (a) and loadings (b) coordinate systems for the extracts of sweet potato peels obtained under sonication at a power density of 50 W/L.
Fig. 6. Reaction scheme of the hydrolysis of tricaffeoylquinic acid into 3,4-dicaffeoylquinic acid.
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extraction can be set according to a desired activity or property of the
extract.
4. Conclusions
Principal component analysis (PCA) is a useful tool to identify the
proper extraction conditions that should be applied to obtain an ex-
traction rich in specific chlorogenic acids. Changes in ultrasound power
density and solvent pH were determinant to increase the selectivity
towards the extraction of specific chlorogenic acids. Low and mild UAE
conditions (20–35 W/L) enhanced the content of 3,4-dicaffeoylquinic
acid, 3,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, and tri-
caffeoylquinic acid isomer.
Increasing the ultrasound power density (35–50 W/L) and solvent
pH (3.5–7.0) were determinant to increase the selectivity towards more
stable chlorogenic acids, as well as in hydrolyzing tricaffeoylquinic acid
and 3,4-dicaffeoylquinic acid, and increasing the acyl migration be-
tween the 5-caffeoylquinic acid, 4-caffeoylquinic acid and 3-caffeoyl-
quinic acid isomers.
Ultrasound extraction allowed obtaining extracts rich in 3-caf-
feoylquinic acid and 3-caffeoyl-4-feruloylquinic acid, at high power
density (50 W/L), which were not possible without ultrasound appli-
cation and was due to intensification of the mass transfer mechanism
associated to sonochemical hydrolysis and sonochemical induced acyl
migration.
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